of the inhibitory zones was calculated for each herbal dentifrice. p<0.05 was considered statistically significant. results: Danth Kanthi (DK) was the most effective against all the microorganisms producing larger zones of inhibition at 24 h (F.S -40+1.5; 1:1 dilution -40+2.71). Amar Premium (AP) also produced larger zones of inhibition against all microorganisms except S. aureus. Of all the dentifrices, least zones of inhibitions i.e., around 5 mm was observed against S. aureus by Amar Premium (AP) and Dabur Babool (DB) at 24 h.
conclusion:
Based on the results of the present study, it can be concluded that all herbal dentifrices exhibited antimicrobial activity against the selected oral microorganisms, with DK being the most effective. Hence, it can be inferred that herbal dentifrices can also be recommended like the conventional formulations. pathogens, while others have focused on their ability to inhibit the formation of dental biofilms by reducing the adhesion of microbial pathogens to the tooth surface [3] .
Herbal medicines are plant-derived materials or products with therapeutic properties used since ancient times in folk medicine, involving both eastern and western medical traditions [10, 11] . The use of these products in the prevention and treatment of oral conditions has increased recently and could benefit the low socioeconomic urban and rural communities [12] . In an effort to improve the efficacy of the mechanical tooth-cleaning procedures, herbal extracts have been incorporated into the dentifrices.
Some of the proposed active ingredients in the herbal dentifrices include Azardirachta indica, Myrrh, Sage, Eucalyptus, Tea-tree oil, Miswak, Marica and Lavang, Akkal kadha, Chamomile, Cloves, Babul extract, Dalchini.
However, relatively few published articles in the literature have compared the effect of herbal based dentifrices on plaque associated bacteria [13] [14] [15] [16] [17] . Hence, the present study was carried out to determine and compare the antimicrobial efficacy of ten commercially available herbal dentifrices against specific strains of oral microflora using a standard diffusion method at full strength and 1:1 dilution at 24 h.
MAterIAlS And MethOdS
The study was carried out from the month of August 2012 to September 2012 in Hyderabad City, India.
herbal dentifrices used Antimicrobial efficacy of the herbal dentifrices was tested in triplicate, at full strength and 1:1 dilution with the sterile water using standard diffusion method for 24 h at 37ºC. Disc preparation was done using Whatman ® filter paper 1 measuring 3mm diameter. Autoclaved filter disks were inoculated on to the Brain Heart Infusion (BHI) agar. At full strength (Fs), it involved applying a thin paper disk containing the herbal dentifrice (1 gm) on a culture of test microorganisms grown on the agar media. Dilution of 1:1 was prepared by mixing 1 gm of herbal dentifrice with 1 ml of sterile water. The disks were then incorporated into the diluted samples and subsequently were dried in hot air oven. Dried discs were then inoculated on to the Brain Heart Infusion (BHI) agar media for overnight incubation. Degree of sensitivity was measured by zones of inhibition (in millimeters) formed around the disc for susceptible microorganisms, representing the area where the microbial growth has been inhibited [Table/ Fig-2 ].
StAtIStIcAl AnAlySIS
Mean, standard deviation and standard error of mean of the inhibitory zones was calculated for each herbal dentifrice at full strength and 1:1 dilution at 24 h. Statistical analysis was done using Statistical Package for Social Sciences software (SPSS version 19.0). Multigroup analysis was done using Analysis of Variance (ANOVA). T-test was used for comparison between the groups at full strength and 1:1 dilution at 24 h. p < 0.05 was considered statistically significant.
reSultS
[Table/ Fig-3 ] represents the details of the herbal dentifrices used in the study. [Table/ Fig-4 ] illustrates the mean diameter of the zones of inhibition formed by herbal dentifrices against the microorganisms at 24 h at full strength and 1:1 dilution. Among the ten herbal dentifrices tested, Danth kanthi was the most effective against most of the microorganisms both at Fs and 1:1 dilution producing larger zones of inhibition (mean 40 mm) except for A. viscosus (25+12.6). Concurrently, Amar premium also produced greater zones of inhibition against all microorganisms except S. aureus. Of all the herbal dentifrices, least zones of inhibitions i.e., around 5 mm were produced against S. aureus by AP and DB. The most susceptible microorganism for all the tested herbal dentifrices was S. pyogenes in both concentrations (Fs and 1:1 dilution) at 24 h.
Within group comparison at Fs and 1:1 dilution demonstrated significant difference against C. albicans by AP only (p=0.009). No other significant difference was observed for the test dentifrices against any of the microorganisms at both concentrations.
Between group comparison in Fs revealed significant difference between the dentifrices for all microorganisms. Likewise, at 1:1 dilution except for S. pyogenes, significant difference was noted for all.
results of Post-hoc Analysis at Fs and 1:1 dilution Based on Microorganisms

S. mutans
At both Fs and 1:1 dilution, significant difference was noticed only for DK and AP with all other dentifrices except each other.
S. sanguis
At Fs, DK and AP produced significantly larger zones of inhibition as compared to other dentifrices; DB produced significantly smaller zones of inhibition than DR, VSF, CH, N, AP whereas DR showed significant difference only with DM, V and HH. CH showed larger zones of inhibition compared to V (p= 0.0001).
At 1:1 dilution, DK and AP showed significant difference with all except each other. DR produced significant difference with DM, VSF, V, N, and DB at 24 h. CH and HH produced greater zones of inhibition than DM and DB. VSF, V and N revealed lesser zones of inhibition as compared to CH (p= 0.0001).
A. viscosus
DK revealed larger inhibitory zones against all except CH, AP and N whereas AP produced greater inhibitory zones against DB only at Fs (p=0.02). At 1:1 dilution, significant difference was noted only for DK with all dentifrices.
S. aureus
Comparison at Fs, DK, DR, AP and DB produced significantly greater zones of inhibition. However, AP and DB were equally effective as no significant difference was noted between each other. Apart from this, DM, VSF and HH produced significant difference with N. At 1:1 dilution, only DK and DR produced significant difference with all.
S. pyogenes
At Fs, DK showed significant difference with DR (p=0.03), HH (p=0.01) and CH (p=0.01). DM, N, AP and DB produced greater inhibitory zones than DR. DM produced significant difference with HH and CH. N, AP, DB and V revealed significantly larger zones of inhibition as compared to HH and CH. At 1:1 dilution, no significant difference was observed amongst any of the dentifrices. risk factor for the development of dental and periodontal disease [22] . The use of herbal dentifrices led to a considerable reduction in dental plaque accumulation both on smooth and approximal tooth surfaces [21] . Probably, the active ingredients of the herbal dentifrices penetrate the biofilm and prevent plaque accumulation, thereby potentially preventing the colonization of the oral bacteria on the tooth surfaces [23] . However, very few studies [4, 13, 15] have evaluated the microbial efficacy of commercially available herbal dentifrices against oral microflora. Therefore, this study was aimed to determine the zones of inhibition formed by ten herbal dentifrices against specific oral microflora using the standard diffusion method at Fs and 1:1 dilution at 24 h.
In the oral cavity, most commonly encountered pathogens are S. mutans, S. sanguis, A. viscosus, S. aureus, S.pyogenes and C. albicans. S. mutans has been implicated as the most important bacteria to initiate dental caries. During the first year of life other species of streptoccci, staphylococci and actinomyces also colonize. S. mutans and S. sanguis initially colonize on the dental
C. albicans
For C. albicans at Fs, DK produced significant difference with all dentifrices. Likewise, AP produced significant difference with all except CH. DB on other hand, revealed significantly lesser inhibitory zones with majority of the dentifrices (DR, HH, CH, N, AP). DM and VSF showed lesser inhibitory zones compared to CH, HH and N. V showed significant difference with CH.
At 1:1 dilution, DK produced significant differences with all except for DR, CH, AP. Comparing with other dentifrices, DR exhibited greater inhibitory zones than DM, VSF and V. DM, VSF and HH showed significant difference against CH and AP for C. albicans. In addition, V and AP showed significant difference as compared to N.
dIScuSSIOn
Herbal extracts have received special attention because of being non-chemical and non-synthetic in nature, and have been used in traditional medicine [18] [19] [20] . Interest in natural-based toothpastes has been increased recently [21] . Dental plaque is a significant -3] : Details of the Herbal Dentifrices used in the study pellicle through adhesions. Later on, additional plaque bacteria such as actinomyces also bind. C. albicans is the most common fungus isolated from mouth [24] . Hence, the standard strains of this specific oral microflora (American Type Culture Collection -ATCC and Microbial Type Culture Collection -MTCC) were utilized in the study.
In the present study, standard diffusion (in vitro method) was employed as it is a well-established technique commonly used in screening the antimicrobial efficacy of chemicals before in vivo testing. In vivo use of the herbal dentifrices is likely to be diluted by saliva, thereby antimicrobial properties can be buffered or lost in dilution, hence testing in 1:1 dilution was also carried out. Since, the most common practice is to brush at least once a day; evaluation of the zones of inhibition was done at 24 h.
The results of this study revealed that among all the tested herbal dentifrices, Danth Kanthi (DK) possessed the greatest antimicrobial activity against all the microorganisms both at Fs and 1:1 dilution at 24 h except for A. viscosus. As well, Amar Premium (AP) also produced larger zones of inhibition at Fs and 1:1 dilution, whereas AP and DB demonstrated lesser zones of inhibition (5 mm) against S. aureus.
Colgate herbal (CH) produced significant zones of inhibition against all the microorganisms except S. aureus at Fs and 1:1 dilution. This finding is supported by the study done by George et al., [25] wherein, Colgate herbal toothpaste was as effective as the conventionally formulated dentifrices in the control of plaque and gingivitis. On the contrary, a study by Peck MT et al., [14] stated that Colgate herbal produced inhibitory zones that were significantly smaller than other tested toothpastes (Aquafresh ® Herbal and Dentazyme ® Herbal) except for Nature fresh.
Poureslami HR et al., [26] demonstrated that Meswak extract, alone or in combination with toothpaste, can affect the growth of dental plaque bacteria. Likewise, study by Adwan G et al., [27] reported that Dabur Meswak herbal toothpaste exhibited antifungal activity against C. albicans. On the other hand, in this study, Dabur Meswak (DM) except for S. pyogenes (40 mm) formed significantly smaller zones of inhibition against the specific oral microflora as compared to other tested herbal dentifrices.
S. pyogenes was the most susceptible microorganism for all the tested herbal dentifrices at Fs and 1:1 dilution. On the other hand, another Indian study reported that all herbal dentifrices showed greater zones of inhibition against S. sanguis [28] .
This study revealed that herbal dentifrices possesses significant antimicrobial activity which may reduce the development of dental plaque, thereby influencing the adhesion of bacteria to the tooth surfaces. Even though, the herbal dentifrices demonstrated the antimicrobial activity, the study presents with certain limitations. Pathogenicity of bacteria and fungi is a multi factorial process based on microbial virulence and host response, wherein genetic and environmental factors such as saliva buffering, diet play an important role. Moreover, as in vitro test was performed, it cannot be assumed that the results could be proportional or transferrable to the oral cavity and translated into the clinical effectiveness.
cOncluSIOn
Based on the results of the present study, it can be concluded that all herbal dentifrices exhibited antimicrobial activity against the selected oral microorganisms, with Danth Kanthi (DK) being the most effective. Hence, it can be inferred that herbal dentifrices can also be recommended like the conventional formulations. However, future research efforts are needed for the evaluation of quality and efficacy of the herbal dentifrices for its regular use in the oral hygiene products. Further studies on the safety and efficacy of such product need to be established.
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